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Abstract 
This dissertation assists the National Small Wind Turbine Centre (NSWTC) in 
the development of a wind turbine test facility  and in preparation for the 
development of a future turbine testing site.  The test turbine facility will 
conduct  tests  in  accordance with relevant national and international 
standards. Assistance was given in the development of the test facility by the 
identification of some of the key areas of the initial set up of the wind turbine 
test facility.  The clarity and adequacy of portions of current national and 
international standards in application to the development of a small wind 
turbine testing facility was assessed. 
 
By the completion of this dissertation assistance was given, which 
contributed to the progression of the  site development aspects in 
establishment of the test facility. This process gave insight into some of the 
important factors to consider in the development of a wind turbine test facility. 
 
Participation by author in two international tasks that assessed wind turbine 
test data to selected standards provided exposure to the current wind turbine 
standards that will be applied in the testing of wind turbines at the facility.  
This process highlighted the lack of clarity within one of the standards and 
illustrated the varied results that can be produced if the assessed standards 
are not understood as intended.  
 iv 
 
Recommendations were  given on how the  NSWTC might improve the 
method  of  site  development of the future  test facility.  The assessment 
allowed  recommendations  to be made on the use of the standards and 
outlines how errors in their application might be avoided.  v 
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Nomenclature  
AUS$     Australian Dollars 
RISE      Research Institute for Sustainable Energy 
NSWTC     National Small Wind Turbines Centre 
IEC       International Electrotechnical Commission  
RRPGP     Remote Renewable Power Generation Program   
HWRS     Henderson Waste Recovery Site  
CoC       City of Cockburn      
dBA      A Weighted Decibels 
dB      Decibels 
USB       Universal Serial Bus 
ROTA     RISE Outdoor Test Area  
AS      Australian Standards 
BWEA     British Wind Energy Associations 
AEP      Annual Energy Production 
Vin       Cut in wind speed of a wind turbine (m/s) 
 Vout      Cut out wind speed of a wind turbine (m/s) 
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1  INTRODUCTION 
1.1  Background 
In recent years there has been a rapid growth in the global awareness of the 
environmental impacts of fossil fuel consumption. This increase has been 
mirrored by the large growth in demand for renewable energy technology 
development and implementation. With this, the wind industry has 
experienced and has attracted a large amount of funding and interest. Like 
many industries, in order to sustain growth, it is vital to have consumer 
confidence. This is particularly true of the emerging small wind turbine 
industry not only in Australia but also internationally. 
 
Globally, there are approximately 219 small wind turbine manufacturers, of 
the wind turbines made by these manufacturers, only around 3 turbines are 
certified. The majority of the reason for such a low certification rate is due to 
the prohibitive cost of testing to standard  of around AUS$250,000.  With 
consideration of the size and expected growth of the small wind turbine 
industry it was identified by some, that a need existed to provide affordable 
certification testing to meet the current wind turbine standards. [1] 
 
1.2  RISE and the National Small Wind Turbine Centre 
The Research Institute for Sustainable Energy (RISE), a partner organisation 
to the University of Murdoch, sought to take on the challenge to address this 
need in the industry. RISE is in the process of establishing a National Small 
Wind Turbine Centre (NSWTC), which will include the development of a test 2 
 
facility in the Perth metropolitan area. The facility will complete performance, 
noise  level  and, some reliability and safety tests on local, national and 
international small wind turbines up to a swept area of 200m
2 (rotor diameter 
of ≈ 16m). The development of the centre will provide an assisting role in the 
strengthening of the small wind industry in both Australia and internationally. 
[2] 
 
RISE has successfully qualified for and secured project funding from the 
Federal Government,  under the Remote Renewable Power Generation 
Program (RRPGP), thus ensuring the development of the NSWTC. [1] 
  
1.3  Dissertation       
The aim of this dissertation is to assist in the establishment of the NSWTC 
test facility in accordance with national and international standards relating to 
wind turbines and small wind turbines by the completion of tasks within two 
areas of work. These two areas of work are; 
•  The initial development of the test facility site  
•  Participation in international standards working group tasks 
 
1.3.1  Site Development 
The objective of this part of this dissertation is to identify the relevant 
importance of some of the key areas of the initial set up of the wind turbine 
test facility. This was achieved through the completion of a number of tasks 
that contributed to the development of the test site towards a fully functioning 
test facility. The completion of this work provided the author an increased 3 
 
understanding of site development and gave exposure to and experience in 
the development of a commercial project. The author was able to provide 
insight and feedback on some of the key issues of site development. 
Recommendations are provide that can be used to assist in the successful 
development of the current site and a future test facility in accordance with 
the relevant standards. 
 
1.3.2  International Electrotechnical Commission Tasks 
The objective of this work is to determine the clarity and adequacy of portions 
of  current national and international standards in application to the 
development of a small wind turbine testing facility. This was achieved by 
participation in two, International Electrotechnical Commission (IEC) working 
group tasks. These tasks involved the assessment of provided wind turbine 
data according to selected standards. The completion of these tasks gave 
the author in-depth exposure to and experience in the use of national and 
international wind standards and allowed insight into some of the issues with 
the standards and their application. Recommendations made can be used to 
assist in the accurate understanding of the current standards and in the 
application of these standards.  
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2  SITE DEVELOPMENT 
2.1  Introduction and Objective 
The opportunity existed to contribute to the completion of work which would 
ensure the successful design and construction of the facility in accordance 
with the relevant standards. The contributing  tasks emerged as the 
development of the site progressed. The use of the an area of the Henderson 
Waste Recovery Site (HWRS) for the development of the NSWTC was kindly 
donated by the City of Cockburn (CoC), the owner and operator of the site. 
The  use of the HWRS  for the NSWTC  test facility is under a two year 
agreement. After this period, it is anticipated that the test facility will relocate 
to a site  with higher wind resources  and  a site under a more long term 
arrangement. The completion of this component of this dissertation will act as 
a reference, to document some of the key issues and recommendations that 
were identified through assistance in the development of the site.     
 
   5 
 
2.2  Method  
The completed tasks include assistance in the preparation for the process of 
public consultation, including preliminary sound calculation, determination of 
the distance to neighbouring residences and the drafting of the public 
consultation letter. Assistance was also given in the assessment of feasible 
tower - monitoring tower relationships based on the relevant standards and 
the set up of a temporary wind resource monitoring station.  
 
2.2.1  Public Consultation  
It was a condition of the site development for the purpose of the test facility 
that a public consultation process by entered into so as to inform the local 
residents  regarding the project  and    to  address  any concerns raised by 
residents  at  an early stage of the process.  Assistance was given in the 
preparation of the public consultation letter and in the completion of 
preliminary sound assessments for the site.  
 
2.2.1.1  Public Consultation Letter  
The purpose of the public consultation letter was to inform the local residents 
of the proposed site development, allay fears and convey a method of 
contact for any questions or queries regarding the project.  Careful 
consideration was given to the content, order and wording of the letter. The 
letter also contained a photomontage of what the turbine test tower will look 
like from the surrounding areas.   
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Content selection was based on whether the content gave relevant and clear 
information regarding the project without giving any reason for concern. It 
was seen that too much information could result in undesirable results 
however, not covering the necessary facts could also result in a large number 
of queries regarding the project. Content included information outlining who 
was involved in the project, what the actual project aims were and why the 
project was proposed, the duration of the project and height of the turbines to 
be tested.  
 
Attention was also given to the order in which information was included in the 
document. It was considered that some people may have an initial reaction of 
fear towards a personally addressed letter from the council and that it was 
important to allay any possible fears early in the letter. 
 
The drafting process considered the probable demographic for the residents 
of the local area. It was found that a majority of the residents of the area 
adjacent to the site would be of a background where English was not their 
first language or where they were of first generation English speakers. 
Special attention was given to the language used so as to be simple and 
clear to ensure clarity of meaning. Word nuances were considers so as not 
generate fears or issues regarding the project. An example of this was the 
use  of the word ‘sound’ levels instead of the word ‘noise’ which has a 
negative connotation.  
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A readability index was used which assess the two factors which affect the 
readability of a piece of writing which are the type of words used and the 
number of words per sentence. This index is called the Fog index and was 
developed by Robert Gunning  [3].  Based on the Fog index calculation 
method, samples were taken from the draft letter to score its readability. 
Advice from a public relationist included counsel to write the document as if 
writing to a 12 year old, a common practice when writing to a diverse 
audience [4].   
 
2.2.1.2  Sound Assessment 
Preliminary numerical sound level assessments were conducted to determine 
the approximate sound pressures that maybe experienced at the residents 
properties for different sound power levels generated by the wind turbines 
under test.  This assessment was conducted so  that an understanding of 
these pressures could be made and anticipant any concerns that residents 
may have. This would give the NSWTC the required information to quickly 
and easily respond to any queries regarding sound pressure that maybe 
raised by residents. 
 
An estimate of the sound pressure expected at the resident’s homes was 
calculated using a hemispherical sound equation and the distances between 
the source and each home in the area. These calculations where performed 
in a spreadsheet program. The hemi-spherical radiation equation results in 
large values for sound pressure when compared with the spherical radiation 
equation. Despite the fact that the spherical radiation equation maybe 8 
 
consider to be more suitable for a wind turbine application, the hemi-
spherical radiation equation was used so that values would be overestimated 
instead of problematic underestimation.  
 
The simple model used was according to the hemi-spherical radiation 
equation: 
Lp = Lw – (10log10) (2πr
2) – ar 
Where; 
Lp   =  Sound pressure (dBA) 
Lw    =  Sound power (dB) 
r   =  Distance from source to receiver (m) 
a   =  Absorption due to the atmosphere (dB/m) 
[5] 
 
A sound power of 80dB and a typical value of 0.005dB/m for atmospheric 
absorption was used in the calculations.  
 
This simple equation did not take into consideration factors such as;  
•  Uneven surface topography  
•  Large obstructions in the propagation path for example building and 
other barriers  
•  Refraction of noise due to such atmospheric effects as temperature 
inversion  
•  Wind speed or direction effects  
•  Any change in the propagation with changing frequency  9 
 
 
The lack of consideration of the above factors in the calculations results in 
values that are overestimated, therefore being a more conservative value.  
 
The relative distances between the source (the proposed wind turbine test 
location) and the relevant residents, were determined with the street 
addresses of homes in the nearby area. Resident’s address information was 
provided by the CoC.  The use of a satellite mapping software was used to 
assess the direct distances between the source and homes. Distances 
between the source and residents homes were determined using direct 
measurements in the  mapping system. Map screen shots were taken to 
represent the relative distances  and saved for future reference.  Estimate 
sound pressure levels were determined for each of the homes that were 
within the area, that were deemed by the CoC  as relevant to the 
development.         
   10 
 
 
2.2.2  Wind Monitoring 
In order to gain an understanding of the wind resources at the proposed site 
it was necessary to begin a wind monitoring programme. It was proposed to 
erect a 10m mast and temporary wind monitoring system which would be 
able to record wind speed and direction data. The wind monitoring process 
involved the set up, testing and installation of an anemometer, wind vane and 
data logger. Tower sitting and tower erection were also completed as a 
component of this work. It was intended to complete analysis of data 
obtained through the wind monitoring programme, however due to a lack of 
data sufficient obtained this was not possible.     
 
2.2.2.1  Data Logging 
The equipment used  to conduct the monitoring programme included an 
anemometer and wind vane in a single unit with a hardwired data logger. The 
data logger measures every second and averaged over each minute. The 
downloading of data  was performed with  by the use  of a  USB (universal 
serial bus) port connected device to a laptop computer, this device enabled 
wireless  communication  with  the data logger unit.  The data logger was 
powered by 2 x AAA rechargeable batteries, with recharging being done by a 
photovoltaic cell. The data logger and monitoring equipment were tested at 
the RISE Outdoor Test Area (ROTA) to test device operation, programming 
and the method of information download.  
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Due to the failure of the photovoltaic panel to charge the batteries, it was not 
possible to initially communicate between the laptop computer and the data 
logger following the installation of the monitoring equipment on site. This led 
to delays in the obtaining of monitored data for the site.  
 
2.2.2.2  Monitoring Tower   
A team of four people were used to erect the tower on site. To keep in 
uniformity with the accepted standard weather monitoring height of 10m, the 
tower was made to ensure that measurements could be recorded at this 
height.  
  
2.2.2.3  Test and Monitoring Tower Locations 
In preparation for the laying of tower foundation an assessment was made of 
the feasible locations for the installation of the main testing tower and the 
meteorological tower or towers on site. An assessment was also made on the 
correct relationship between the towers based on the relevant standards. It is 
a requirement of the IEC standard 61400-12-1 that for the purposes of power 
performance testing that the meteorological monitoring point must be located 
within a certain distance range from the turbine under test [6]. The standard 
specifics  that the meteorological monitoring point must be positioned at a 
distance from the wind turbine of between 2 and 4 rotor diametres of the wind 
turbine under test. It further specifies that the recommended position is 2.5 
times the rotor diametre. This assessment was performed within a 
spreadsheet program by calculating the range of distances permissible from 
the testing tower for different rotor diameters under test. (See AppendixA2)    12 
 
2.3  Findings and Discussion 
Findings  relating to the completion of the site development tasks will be 
presented  here  along with discussion on the relevant importance of the 
completed work in the initial set up of a wind turbine test facility. This 
discussion will be based upon insight gained through assistance some of the 
areas of the site development. Specific recommendations for implementation 
in the development of the second small wind turbine test facility are made in 
Chapter 5 (Conclusion and Recommendations) of this document.     
 
2.3.1  Public Consultation  
Many wind farm projects are subject to public opposition by groups and most 
often local residents who are attempting to prevent wind farms going ahead 
[7].  This opposition could be as a result of public fears  and a lack of 
understand of the project. Through the process of the completion of the 
public consultation, it was realised that it is essential to have public support, if 
not acceptance for a proposed wind site development. 
 
Since the public are impacted by development in a particular area and also 
can in some cases have the ability to prevent the construction  for going 
ahead, it is therefore paramount to have the support of the local residents. It 
was also highlights through the completion of this work of the importance of 
such public consultation processes in order to keep the local community 
informed and included. This sense of inclusion maybe what is required so 
that the project can receive all the required approvals to go ahead. Despite 
the best wind resource and excellent engineering solutions, project can be 13 
 
halted many reasons, some being if the community does not feel like they are 
part of the process or if they do not feel like the project is going to benefit 
their community.      
 
2.3.1.1  Public Consultation Letter  
Of the approximately 60 households who received a letter giving details of 
the proposal only 1 resident made any contact with the NSWTC to comment 
or make further in queries. This contact was a query was regarding sound 
levels that the resident may experience on their property. The resident’s 
query was easily dealt with over the phone by the quoting of expected sound 
levels for the resident’s home based on a comparative scale. The lack of 
negative responses to the public consultation process would indicate that the 
letter provided to residents, included all the relevant information required in a 
manner which was acceptable. It is considered that because of the manner in 
which the information was presented in the document contributed to the 
favourable outcome that was achieved.  
 
The preparation of this letter reinforced the importance of words in the 
accurate communication of information, this including what is appropriate for 
inclusion and that which is not relevant. The order in which content appears 
in a document was also considered as an important consideration in the 
preparation of the public consultation letter. Where fears are allayed early in 
any setting, it gives the opportunity for the true intent of the message to be 
received clearly. Clarity of content can further be ensured with use the words 
which appropriately express the desired meaning  and those which are 14 
 
targeted to the reader group. Complex sentences were avoided with use of a 
readability index. Preliminary scores for the draft letter were in the difficult to 
unreadable categories which indicated a need to for adjustment. Ultimately 
the majority of the document was found to be in the ideal to acceptable range 
of the Fog index [3].  
 
Without an analysis of the impacts of the letter on the reader,  it is not 
possible to fully understand the implication of the way in which the letter was 
written. Assumptions can be made on the importance of the elements of the 
letters composition, based on the process of preparing the letter, which are 
reasonable to consider as accurate. As was noted above, the public have the 
ability to hinder the progress of a wind development and since a public 
consultation letter is one of the primary means which are used to contact 
potentially impacted residents, the importance of the content of the letter is 
therefore regarded to be high.      
          
2.3.1.2  Sound Assessment  
The sound assessment found that the closest resident to the site at 410m 
away would not be exposed to sound pressures greater than 18dBA. This 
figure was calculated using a conservative figure for sound power of 80dB, a 
value which would be typical for wind turbine that would be tested on site. 
The calculated sound pressure is between the equivalent sound of a quiet 
whisper and the faint rustling of leaves [8].     
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Although there were not any issues with local residents concerning the 
possible sound generated from the testing, the completion of this work has 
highlighted the importance of sound assessments, in the determination of the 
possible impact of wind developments that have residents nearby. If the initial 
sound assessments results in a value which might indicate disruption to local 
residents, it may be necessary to disclose this information in the public 
consultation process. As one of the main fears that local residents may have 
regarding the development of a site with wind turbines, it is vitally important 
to the successful completion of wind project to understand the expected 
sound pressures experienced by local residents.    
 
2.3.2  Wind Monitoring 
The monitoring of the wind resource at the test facility site is important in the 
verification of previously modeled wind resource values which were used to 
determine site suitability for the test centre.  Unfortunately this verification 
process has not been able to be made this far due to a lack of acquired data. 
The  accurate  determination  of the wind resource on site also determines 
whether the site will provide sufficient wind speeds to allow the successful 
completion of testing of wind turbines according to the small wind turbine test 
classes. The four  small wind turbine test classes as outlined in AS (IEC) 
61400-2  standard [9] page 5, indicate that average wind speeds must be 
greater than 6m/s for Class IV turbines and up to 10m/s for Class I turbines. 
When possible sufficient data is available a data assessments will assist in 
the determination of which classes the test facility can test to.  
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The data monitoring and collection began later than was desired and 
expected.  Data collection was delayed for a number of reasons which 
included; 
•  Delivery of the monitoring equipment 
•  Monitoring set up and equipment failure 
•  Lack of approvals from site owner and operator to work on the site 
•   Time constraints of installation staff 
2.3.2.1  Data Logging 
Data was successfully recorded  on  site  from the beginning  of  September 
2009. Delays occurred due to issues with the delivery equipment to site by 
the equipment wholesaler with resulted in the equipment not being received 
on site until the end of July. It was therefore desirable to have the equipment 
installed and data monitoring in the beginning of August, however this was 
not possible. The required equipment was purchased as early as possible 
therefore these delays are outside of control the NSWTC.  
 
The wind monitoring equipment was not fully tested in the laboratory prior to 
installation on site as it should have been. This would seem a very obvious 
thing to do and the impact of not doing it was not major in this case however, 
as a mark of efficiency it would have been better for this work to be 
completed. It is unwise to get into the habit of not fully testing equipment 
before installation as this may led to the omission of testing when sensitivity 
to not testing is high. If a correct amount of time was spent in testing the 
equipment in the laboratory setting was performed, problems could be dealt 17 
 
with and rectified. The issue with the data logger not operating as it should 
have was due to the failure of the photovoltaic cell to charge the internal 
batteries. Fully testing of the equipment in this case could have included the 
testing of communication between the laptop that would be set up to 
download from the data logger on site. There were delays in obtaining the 
said laptop therefore the decision was made to install the monitoring 
equipment of site to begin collecting data. If testing at ROTA was continued 
until the laptop was received this possibility would have identified the issue 
with the photovoltaic panel battery charger. In hindsight it would have been 
preferential to have taken more time in equipment set up and testing to 
ensure a fully operational monitoring system on site.          
 
The lack of identification of issues prior to installation on site highlights that 
testing and additionally redundancy in monitoring equipment can be very 
important. Data was lost,  that can never be retrieved as a result of  the 
system component failure. As a matter of good practice, more than one 
monitoring system could be used to provide redundancy. This could be on 
the same tower at the same of different heights or on separate tower. With 
this, the sensitivity of the monitoring program to the collection of accurate 
data  without loss  needs to be considered and  steps should be taken to 
mitigate the loss of data if sensitivity to loss it high. This is true for both the 
wind monitoring required as part of wind turbine testing to occur at the 
current site as well as the wind resource assessment of a new potential test 
site following the completion of the current site contract.        
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As a result of compounding factors, the CoC did not give final written 
approval for the construct of the test facility by the NSWTC until several 
months following the initial verbal agreement was given for the site. Again 
this is something that is outside of the realm of control of the NSWTC. 
Requests for preliminary approval  for  temporary  monitoring to take place 
could have resulted in data monitoring occurring earlier on site.   
 
2.3.2.2  Monitoring Tower   
The monitoring tower was successfully installed on the 6
th August 2009. An 
unavoidable aspect of working with a part time team with varied schedules is 
that it can be difficult to coordinate schedules to allow all the required team 
members to be available to completed the required work. This was the case 
with the organisation of the required people to assist in the erection of the 
tower to allow monitoring to commence on site and was see as unavoidable.      
 
2.3.2.3  Test and Monitoring Tower Locations 
The monitoring tower was erected at the location on site that was determined 
to be the location at which the turbine testing tower would be erected. Since 
the erection of the monitoring tower, this tower has since been moved to 
allow the preparation work for the laying of tower foundations. This change of 
tower location meant that tower was only in place for 10weeks and recording 
data for 5.5weeks. If the relationship requirements of the IEC standard 
61400-12-1  [6] for distance between the testing tower and the monitoring 
tower was applied this could have resulted in there not being a need to have 
the monitoring tower.  The temporary monitoring mast could have been 19 
 
installed within the specified range of the standard however, at a location 
which would not requiring moving to allow the commencement of the 
preparation work for the permanent tower foundations. 20 
 
3  IEC TASKS 
3.1  Introduction and Objective  
The International Electrotechnical Commission (IEC) is a global organisation 
that prepares and publishes international standards for all electrical, 
electronic and related technologies [10]. Within the IEC there are a number of 
committees which are responsible for the maintenance of published 
standards. With this, a working group was assigned by the committee 
responsible for wind turbine standards, to develop a task which would give 
various testing bodies the opportunity to assess data and have the results 
compared. These tasks would provide input into the wind standards 
maintenance programmes. The participants  included  testing bodies from 
countries included Japan, Spain, United Kingdom, United States, Canada 
and Australia. In total seven participant groups were involved, although not 
all groups presented results for each part of the tasks.   
   21 
 
 
3.2  Method 
The committee proposed  tasks  which would assist in the evolution of the 
clarity of international and national standards that relate to the development 
of  wind turbines in the areas of, power performance  measurement and, 
design and safety requirements. These standards include; 
•  International Electrotechnical Commission Standard IEC61400 
-  Wind turbines -  IEC  61400-12-1(Ed1,2005):  Power 
performance measurements  of electricity producing wind 
turbines [6] 
•  International Electrotechnical Commission Standard IEC 61400  
-  Wind turbines -IEC 61400-2 (Int, 2006): Design 
requirements of small wind turbines. (Also known  as 
Australian Standard AS61400-2 Ed.2, 2006, Of same title) 
[9] 
•  British Wind Energy Associations (BWEA) Standard 
-  Small Wind Turbine Performance and Safety Standard  
(2008) [11]        
 
To date, two tasks have been assigned by the working group for completion 
by the participant groups. The first task was regarding power performance 
assessments according to IEC [6] and BWEA [11] standards. The second 
task was concerned with the duration testing  requirements of the IEC/AS 
design standard [9]. Each of the tasks were accompanied by data files and 22 
 
instructions outlining the task. Cross participant discussion on the assigned 
tasks was not encouraged or approved. 
 
3.2.1  Power Performance  
The assigned IEC working group task was to produce a power performance 
test report from the provided information and data according to IEC 61400-
12-1, Wind turbines, Power performance measurements of electricity 
producing wind turbines  [6]  and the BWEA Standard, small wind turbine 
performance and safety standard [9]. The prepared test report was then to be 
submitted at the following IEC committee meeting held in Wisconsin, USA, 
July 2009. Following  this meeting the results of all participants would be 
collated, assessed after which feedback would be given to each participant 
group.  
 
Although part of the task, assessment of the data to the BWEA standard [11] 
will not be presented or discussed in this document any further. With only 
slight variation between the IEC [6] and BWEA [11] standards and that this 
standard is a British national standard, this is little value in presenting and 
analysing the results of this work here. 
 
3.2.1.1  Provided Information  
The relevant information and data provided for analysis included, 
•  Raw data files in spreadsheet form  
•  Wind turbine and testing information  23 
 
 
Raw Data Files  
The data provided covered the period of the 21
st June to 20
th August 2008. 
The data included one minute average data per time stamp and recorded the 
following parameters; wind speed (m/s), wind direction (°), temperature (°C), 
air pressure (kPa), power output (kW) and voltage (V). 
 
Wind Turbine and Testing Information 
This document included information relative to the site layout the relationship 
between the location of the wind turbine under test and the meteorological 
mast. It also indicates the location of other wind turbines under test on site. 
Information was provided on periods of time for which the testing process 
was halted with reasons for  halting  noted.  Details  were included of the 
distance between the wind turbine and the meteorological mast and rotor 
diameter of the turbine under test. The location, bearing from the turbine and 
the rotor diameter of neighbouring wind turbines or other obstacles was also 
included. Information regarding excluded data was presented in tabular form 
including, date, duration of and reason for exclusion.  
 
3.2.1.2  Task Requirements  
The task required the completion of a test report according to the format 
outlined in the IEC 61400-12-1 standard [6]. Special attention was given to 
Annex H which notes how power performance testing of small wind turbines 
is to be completed. The preparation of the test report required the completion 
of the following tasks within the standard; 24 
 
•  Data validation and rejections assessments 
•  Data correction  
•  Data normalisation 
•  Production of a power curve 
•  Calculate the Annual Energy Production (AEP) 
•  Report formatting  
 
In addition to the requirements of the standard’s report format, notes were 
presented on queries and comments that arose through the applying of the 
standard. Due to time constraints and the amount of work that was required 
to be completed for this task, the various stages of the task was completed a 
team consisting of Avishek Malla, Dr Jonathan Whale and the author, Fraser 
Ibbotson.  
 
3.2.1.3  Application of Standard  
This section presents and details the  method which was used in the 
application of the standard including any assumptions made  in the 
application of each  clause of the standard as required for the report 
preparation. All references to a standard and it’s Annexes, to follow in this 
section (3.2.1 Power Performance) are referring to the IEC 61400-12-1, Wind 
turbines, Power performance measurements of electricity producing wind 




Clause 5 - Preparation for performance test 
The parts of this clause of the standard were used to assess the test 
conditions relating to the power performance measurements of the wind 
turbine.  
 
Clause 5.2 Test site  
Clause five of the standard was used in the determination of the valid 
measurement sectors and whether correction factors were required for the 
test site. 
 
Clause 5.2.2 Measurement sector 
Based on the documentation given on the test facility, it was found that there 
were a significant number of neighbouring wind turbines and other obstacles 
that were in need of assessment to determine the valid measurement sectors. 
Annex A - Assessment of obstacles at the test site, of the standard was used 
to determine the valid measurements sectors for the site. A valid 
measurements sector excluded sectors which contain disturbed air flow due 
to neighbouring wind turbines and obstacles. 
 
Annex A - Assessment of obstacles at the test site 
Annex A, subsection A.1,  Requirements regarding neighbouring and 
operating wind turbines, was used to determine the disturbed sectors due to 
the meteorological mast and turbine under test being in the wake of 
neighbouring wind turbines also under test on the site. The standard requires 
the varied treatment of wind turbines in operational mode as compared with 26 
 
parked or non operational mode. Assumptions were required to be made 
regarding the operational status of the neighbouring wind turbines on site. 
The assumption was made that all of the neighbouring wind turbines were 
operating for the duration of the test as information regarding the operational 
status of the neighbouring winds turbines was not included in the provided 
data.  
 
It was required that assumptions were made on the relationship between the 
wind turbine under test and the location of the meteorological mast.  The 
assumption was made that the neighbouring wind turbines was at a bearing 
of 45° from the meteorological mast. This assumption was based on visual 
assessment of the provided drawing for the site included in the information 
provided.  
 
The valid measurement sectors were determined with of Annex A subsection 
A.2, Requirements regarding obstacles. It was necessary to determine which 
of the obstacles present on site are considered to be a ‘significant obstacles’ 
and which of these ‘significant obstacles’ are within a reasonable distance 
from the wind turbine under test and the meteorological mast. The influence 
of a particular obstacle can be according to equation provided in the standard. 
Sufficient information was not however available to determine whether the 
obstacles on site were significant or not. It was therefore necessary to make 
the assumption that each obstacle was a significant obstacle.   
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It was required to determine a angle which must be added and on the other 
hand subtracted from, the angle at which each obstacle lies in relation to the 
turbine under test or the meteorological mast. The range of angles identified, 
is  centered about the angular relationship angle of the obstacle and the 
turbine under test or the meteorological mast. This range of angles, forms the 
sectors which must be excluded from the valid data.  
 
To determine the angle required a specific angle (α) must be calculated, this 
can be calculated according to the following equations; 
α = 1.3 arctan(2.5 De / le + 0.15) +10 
or 
α = 1.3 arctan(2.5 Dn / ln + 0.15) +10 
Where; 
De = 2 lh  lw  / lh + lw 
 
De =     equivalent rotor diametre (m) 
Dn =   rotor diametre of neighbouring and operating wind    
turbine (m) 
lh =     height of obstacle (m) 
lw=     width of obstacle (m) 
le =  distance between the wind turbine or the meteorological 
mast and the obstacle (m) 
ln =   distance between the wind turbine or the meteorological 
mast and a neighbouring and operating turbine (m) 
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The specific angle (α) was divided by two, then added and subtracted from 
the angle at which the obstacles lies in relation to the wind turbine under test. 
The same was repeated for the meteorological mast. In order to simplify the 
calculation of  the exclusion sectors a  spreadsheet was prepared  (See 
Appendix B.1). 
 
Clause 7 - Measurement procedure 
This clause  of the standard was used in the determination of the  correct 
measurement procedures for the collected data.  
 
Clause 7.4 Data rejection  
Some data was excluded due to periods of time in which the test was halted. 
The log of times of the excluded data events was provided by the IEC 
working group within the provided information.  
  
Clause 7.6 Database    
Following the data normalisation according to clause 8.1, data normalisation 
the data was sorted into bins. The bins size and the number of bins are 
outlined in this clause of the standard. Binning intervals of 0.5m/s were 
applied with mid intervals being integer multiples of 0.5m/s.  
 
Clause 8 - Derived results 
Clause eight outlines the method for the preparation of the valid data and the 
measurement of the power curve for the turbine, an expected annual energy 
production amount and the power coefficient for the turbine. 29 
 
 
Clause 8.1 Data normalisation  
Air density normalization was calculated from recorded measurements of air 
temperature and air pressure according to the following equation;  
ρ = B1min / R0 T1min 
Where; 
   ρ =     derived 1 minute averaged air density (kg/m
3)  
B1min =   measured air pressure averaged over 1 minute (Pa) 
R0  =    gas constant of dry air – 287.05 (J/kg x K) 
T10min  =  measured absolute air temperature over 1 minute (°K) 
 
Since information was not included as to the type of control mechanism used 
for the turbine, the assumption was made that the turbine has a passive 
power control mechanism. Due to the assumption that the turbine had a 
passive power control mechanism, the equation used for the data 
normalisation of the measured power output according to the equation; 
Pn = P1min x ρ0 / ρ1min 
   Where; 
Pn =     normalized power output 
P1min   =   measured power averaged over 1 minute 
     ρ0 =     reference air density   





Clause 8.2 Determination of the measured power curve  
The measured power curve is determination by applying the “method of bins” 
to the normalised data sets according to the following equation; 
Vi  =  1/ Ni   x  ∑j=1 
Ni   Vn,i,j 
 
Pi  =  1/ Ni   x  ∑j=1 
Ni   Pn,i,j 
   Where; 
Vi   =  normalised and average wind speed in bin i  
Vn,i,j   =   normalised wind speed of data set j in bin i 
     Pi   =   normalised and average power output in bin i 
     Pn,i,j  =    normalised power output of data set j in bin i 
Ni  =    number of 1 minute data sets in bin i 
 
 Clause 8.3 Annual Energy Production (AEP) 
AEP  values were calculated for the average annual wind speeds of 4 to 
11m/s in one m/s bins increments,  according to the following equation; 
 
AEP  =  Nh   ∑i=1 
N  [ F(Vi) - F(Vi-1) ] (  (Pi-1 - Pi) / 2 ) 
  Where; 
AEP  =  annual energy production  
Nh   =   number of hours in one year ≈8760 
     N   =   number of bins 
     Vi  =    normalised and average wind speed in bin i 
Pi  =    normalised and average power output in bin i 
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And                               F(Vi) = 1- exp ( -π/4 ( V / Vave  )
2 ) 
   Where; 
F(V)  =  the Rayleigh cumulative probability distribution               
function for wind speed  
Vave  =   annual average wind speed at hub height  
     V  =   the wind speed 
 
Clause 8.4 Power coefficient 
CP  was determined  from the  measured power curve according to the 
following equation;  
CP  =   Pi  /   (0.5  ρ0  A V
3
i ) 
   Where; 
CP,i   =   power coefficient in bin i 
Pi   =   normalised and average power output in bin i 
     ρ0 =     reference air density   
     A  =    swept area of the wind turbine rotor  
    Vi  =    normalised and average wind speed in bin i 
 
Clause 9 - Reporting Format 
The report for submission was prepared according to the requirement of 
Clause 9, Reporting format. The calculation of the uncertainty values for the 
test turbine were excluded due to time constraints.  
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3.2.1.4  Second Submission 
Due to the varied results between the participant groups, a second 
submission was requested by the working group.  The request from the 
working group included clear instructions on how they would like the data to 
be assessed based on the guidelines of the standard. The working group’s 
initial comparison of the results identified discrepancies in the following areas 
of the standard, which included;  
•  Bin centers  
•  Measurement sector 
•  Number of data points in each bin 
As a means of remedy or the understanding of the reasons of the lack of 
correlation between results the following adjustments were requested to be 
made.  
 
The IEC 61400-12-1 standard [6] specifies that the wind speed range should 
be divided into 0.5m/s bins with bins that are centered on multiples of 0.5m/s. 
The request clarified the method of bin set up and stated that bins should be 
centred on  0.5, 1, 1.5, 2…m/s and so on. It was requested, that those who 
did not use bin limits as specified, should recalculate results with the bin 
centre according to the standard. The work completed by RISE was originally 
completed to the standard correctly. Although not required in the standard it 
was further requested that the revised report state whether the lower or 
upper boundaries are open(<) or closed intervals (<=). 
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It was also requested that due to the provided information leading to differing 
measurement sectors, defined measurement sectors be used. A 
measurement sector range was therefore specified. The angular relationship 
between the test turbine and the monitoring mast was quoted as 55° in the 
new request. This information was not provided in the initial information pack 
and it was required to assume a value for this relationship.  The specified 
range did not however, state whether the boundaries were open or closed. 
Again, this was not a requirement of the standard.  
 
The reasons for the rejection of data was also requested so that an 
appreciation could be gained for any differences in results following the 
uniform application of the above requested adjustments. Other requests 
where made which are not relevant to this work and therefore have not been 
presented here.   34 
 
3.2.2  Duration Testing 
The assigned IEC task was to complete a duration analysis of the provided 
data, according to IEC 61400-2 Wind turbines: Design requirements for small 
wind turbines and report the results [9]. The completed test report was then 
submitted via email and to be collated ready for discussed at the following 
IEC committee meeting in Toronto, Canada September 2009. 
 
3.2.2.1  Provided Information 
The information and data provided for this task included, 
•  Introduction and instruction sheet  
•  An event log book  
•  Raw data files in spreadsheet form  
•  A report table in spreadsheet form where the results of the analysis 
were to be presented 
 
Introduction and Instruction Sheet 
The introduction and instruction sheet provided by the IEC included details of 
the documents provided as part of this task. A description of the data and test 
turbine was included which provided information regarding the location of, 
date of and the duration of testing along with information about the turbine 
itself.  The operational characteristics of the turbines were presented. Some 
specific instructions were included on the manner in which the  analysis 




Event Log Book  
An event log book was provided which included all relevant events  that 
occurred on site during the test that may affect the results of the duration 
analysis. The log book recorded approximate times of observed events and 
were qualitative, not quantitative, therefore open to interpretation.  
 
Raw Data Files 
The data provided, covered the period of the January to March 2009. The 
data included ten  minute average, standard deviation, maximum and 
minimum values per time stamp and recorded the following parameters; 
power (kW), power factor (%), rotor speed (rpm),temperature (°C), primary 
and secondary wind speeds (m/s), turbine voltage (V), pressure (kPa), dry or 
wet weather conditions (dry or wet),  wind direction (°),  turbines brake 
condition (on or off), controller (on or off) and current (A). 
  
Report Table 
A table was included in the spreadsheet where the raw data for the task was 
presented. This table was required to be completed in order to have 
completed the assigned task. It also formed the outline of the presentation 
format for the completed task. 
 
3.2.2.2  Task Requirements  
The assigned task was to analyse the provided data according to Clause 9.4, 
Duration Testing of IEC61400-2, Wind turbines: Design requirements for 36 
 
small wind turbines. [9] This clause of the standard required to processing of 
the data in order to determine the following; 
•  Hours of power production for various wind speeds  
•  Two key environmental conditions  
•  Operational time fraction of the turbines 
 
The IEC task required that figures for the above noted sections of the 
standard be prepared as an overall figure and on a monthly basis for the 
provided data.  Power production figures were prepared  according to IEC 
“method of binning” outlined in the IEC61400-12-1, power performance 
standard [6]. 
 
3.2.2.3  Application of Standard 
This section presents and details the method which was used in the 
application of the standards including any assumptions made in the 
application of the clauses of the standard to the data provided. This has been 
completed sequentially and present the clauses of the standard which were 
applicable to this task. All references to a standard and it’s Annexes, to follow 
in this section (3.2.2 Duration Testing) are referring to the IEC 61400-2, Wind 
turbines: Design requirements of small wind turbines. (Also known as 
Australian Standard AS61400-2 Ed.2, 2006, Of the same title) [9].  
  
Clause 9.4.2.2 Operational Time Fraction  
The operational time fraction was determined for the data set provided. Each 
data line provided was checked in specific areas according to the 37 
 
requirements of the standard. Events as recorded in the log book were 
classed into one of three areas which indicated the reason as to why that 
data for the particular event was not found to be valid. 
 
The operational time fraction is defined as the ratio of the amount of time that 
the turbine is operating in its normal designed behaviour to the total 
evaluation period of time. In order to determine the amount of time that the 
turbines is operating under normal design behaviour, the events recorded in 
the log book are assessed and classified according to the guidelines of the 
standard along with an assessment of each of the recorded parameters. 
 
Normal design behaviour includes the following conditions; 
•  Turbine producing power 
•  Automatic start-up and shut-down due to wind speed transitioning 
across low wind cut-in and high wind cut-out 
•  Idling or parked states at wind speeds under Vin or above Vout 
•  Extended time between a normal shutdown (not caused by a failure) 
and a restart of the turbine 
 
All other recorded behaviour of the wind turbine was classified as one of 
three other conditions; 
Tn = time during which the turbine is known to be non-operational 
Tu = the time during which the turbine status is unknown 
Te = time that is excluded in the analysis 
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For the specific conditions which define the above noted general conditions 
see page 44 of the standard. 
 
Clause 9.4.1 General 
Hours of Power Production at Varied Wind Speeds  
It was a requirement of the task that assessment of the data be completed to 
determine whether the turbine tested,  meets the  pass/ fail  criteria  of the 
standard according to clause 9.4.1, General. A wind turbine is deemed to 
have passed the duration test when it has achieved; 
•  Reliable operation during the test period 
•  At least 6 months of operation 
•  At least 2,500 hours of power production in winds of any velocity 
•  At least 250 hours of power production in winds of 1.2Vave and above  
•  At least 25 hours of power production in winds of 1.8Vave and above  
 
Reliable operation is defined by the turbine having an operational time 
fraction of great than 90% for the test period. Power production is defined by 
the standard as the time when the turbine is producing positive power as 
measured by at the connection to the electrical load. Vave is the average wind 
velocity of the site for the duration of the test. The provided IEC data only 
covered a period of 3 months therefore it was not possible for the turbine to 
pass the second and third requirements noted above.   
The number of hours of power production completed by the turbine according 
to the provided test data was determined with the use of spreadsheet 
functions.  39 
 
Clause 9.4.1 General 
Key Environmental Conditions   
The average turbulence intensity was reported according to the requirements 
of the standard. The standard requires that the average turbulence intensity 
be calculated at a wind speed of 15m/s. The IEC task required that average 
turbulence intensity at 15m/s be reported for the entire 3 month period as 
well as for each month separately.  
 
Turbulence intensity is defined by the standard as, the ratio of the wind 
speed standard deviation to the mean wind speed, determined from the 
same set of measurement data sample of wind speed, and taken over a 
specified period of time. 
 
Average turbulence intensity was calculated for each sample period 
according to the following equation;  
TIAve = WSSD / WSMean 
 
TIAve =     Average turbulence intensity (dimensionless) 
WSSD=     Wind Speed Standard Deviation (m/s) 
WSMean =     Mean Wind Speed (m/s) 
 
The report table requested ‘maximum gust’ values for the entire 3 month 
period and for each of the 3 months separately. The ‘maximum gust’ values 
requested were understood to be the highest instantaneous wind speed 
during the test periods as referred to in the standard page 42.    40 
 
3.3  Results 
This section presents in part the results of the completed IEC tasks. In the 
case of the power performance task, the results include not only the author’s 
work, which contributed to the submission that represented RISE, but also 
included all other participant group’s results. For the power performance task, 
the request was to process the data to the relevant standard and prepare a 
report according to that standard. The results here, present selected data 
from this report with a copy of this report being provided in Appendix B.2. 
Results for the power performance task are presented here, as the first and 
second submissions. These results allow comparison between the first and 
second round results. 
 
Unfortunately, results of the other participant groups involved in the duration 
testing task have not been collated yet by the IEC, therefore only the results 
of the author’s work which represented RISE have been presented. 
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3.3.1  Power Performance  
The below results graphs represent the difference between the interpretation 
of the standard and accuracy of data analysis of each of the participant 
groups. The graphs under the heading of ‘Second Submission’ represent the 
interpretation of the standard and accuracy of data analysis following 
additional direction and clarification of the standard by the IEC working group.    
 
Data collation of the participants completed work was conducted by the IEC 
and was made available to all participants as a means of task feedback and 
comparison. Letters have been used to represent each participant group in 
order to protect the group’s identity with the exception of RISE. 
 
Five indicator areas are presented as a means of comparison of each of the 
group results. These indicators include; 
•  Number of data points contained within each wind speed bin 
•  Average wind speed values calculated for each wind speed bin   
•  Average power value calculated for each wind speed bin     
•  Coefficient of performance for each wind speed bin 
•  Annual energy production at selected annual wind speed averages 
The tabulated results for each indicator and group have been included in 
Appendix B.3.  42 
 
3.3.1.1  First Submission 
The below graphs represent data prepared by the author/ RISE and all other 





Number of Data Points  
The results show a strong relationship between each group’s results with the exception of group C results, which show a significant 
variation. Note: group D did not present results. For tabular results see Appendix B3.1.1.
 
Figure 1 Number of Data Points First Submission    44 
 
Average Wind Speed 
It can be seen that the RISE results agree closely with four other testing bodies. The results prepared by group D differed 
reasonably significantly from that of the other participants. For tabular results see Appendix B3.1.2. 
 
Figure 2 Average Wind Speed First Submission   45 
 
Average Power 
The results obtained showed that there was a difference in results between all of the testing bodies, however there is a relatively 
strong general correlation between all the results. For tabular results see Appendix B3.1.3. 
 
Figure 3 Average Power First Submission   46 
 
Power Coefficient  
The results were reasonably similar across all the groups, with the exceptions of groups C and D, which were considerably different 
in the lower bin numbers. For tabular results see Appendix B3.1.4.
 
Figure 4 Power Coefficient First Submission   47 
 
Annual Energy Production  
AEP differs for all groups in the exercise. The differences are most noticeable in the higher bin numbers.  
Note: group D did not present results. For tabular results see Appendix B3.1.5.
 
Figure 5 Annual Energy Production First Submission   48 
 
3.3.1.2  Second Submission 
The below graphs represent a resubmission of data prepared by the author/ 
RISE and all other participants groups as part of the resubmission of the IEC 
working group power performance task. 
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Number of Data Points 
The results show a strong relationship between all of the group’s results. Note: there has been an addition of group F. For tabular 
results see Appendix B3.2.1. 
 
Figure 6 Number of Data Points Second Submission   50 
 
Average Wind Speed 
The results for all groups show a strong correlation. Note: there has been an addition of group F. 
For tabular results see Appendix B3.2.2. 
 
Figure 7 Average Wind Speed Second Submission   51 
 
Average Power 
The results show a stronger relationship in lower bin numbers, with this relationship reducing in higher bin values. Note: there has 
been an addition of group F. For tabular results see Appendix B3.2.3. 
 
Figure 8 Average Power Second Submission   52 
 
Power Coefficient 
The results are reasonably similar across all the groups with the exceptions of a slight variation in the top of the curve for groups A 
and D, and for group F in all bins values. Note: there has been an addition of group F. For tabular results see Appendix B3.2.4. 
 
Figure 9 Power Coefficient Second Submission   53 
 
Annual Energy Production 
Some participant groups have appear to have similar results, with this presenting most strongly in the lower bin values. The 
correlation remains strong for some groups into the higher bin values however with a stronger spread between all groups.          
Note: there has been an addition of group F. For tabular results see Appendix B3.2.5. 
   
Figure 10 Annual Energy Production Second Submission   54 
 
3.3.1.3  Power Performance Summary 
The following summary presents the average standard deviation between each of the participant groups, across the wind speeds 8 
to 32m/s. Where outlying results have existed,  results have been presented with and without the outliers. Results have been 
presented to three significant figures. The final column presents the percentage reduction in the standard deviation from the first 
submission to that of the second. Where outliers have been removed the best percentage reductions have also been presented.        
  First Submission  Second Submission  % Reduction 
Number of Data Points  277  17.4  94% 
  7.38 (excluding C)  0.317 (excluding E)  96% 
      Best  99.9% 
Average Wind Speed  0.0982  0.00410  96% 
  0.00400 (excluding D)  0.00410  -3% 55 
 
  First Submission  Second Submission  % Reduction 
Average Power  0.00637  0.00342  46% 
Power Coefficient  0.0106  0.0348  -229% 
  0.00507 (excluding C)  0.00348 (excluding F)  31% 
      Best  67% 
Annual Energy Production 5m/s  31.3  13.2  58% 
Annual Energy Production 4m/s-11m/s  97.9  26.0  73% 
Annual Energy Production 11m/s  257  40.3  84% 
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3.3.2  Duration Testing 
The results of the IEC, working group duration testing task. Results are presented below in tabular form, as submitted by 
the author, representing RISE. Unfortunately, as was stated, the collation process did not take place in time for 
assessment and inclusion this document, therefore no comparison of result is possible across all participant groups. 
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3.4  Discussion 
This section presents discussion on both of the completed IEC tasks of the 
power performance assessment and duration testing. Discussion will be 
given on the results of the task as this provides supporting information in the 
discussion of the objectives of this section of work being, to determine the 
clarity and adequacy of current national and international standards in 
application to the development of a small wind turbine testing facility. 
 
3.4.1  Power Performance  
Discussion will be given here on the elements of the power performance 
standard [6], which lacked clarity. Discussion will also be given as to whether 
this standard is sufficiently clear in its requirements. Discussion will not be 
given on clauses of the standard which were sufficiently clear and thus not 
considered as a contributing factor to the differences in the participant 
group’s results.  
 
The results of the first submission showed  that there was  a varied 
interpretation and understanding of the standard which was therefore, 
reflected across the  indicators  areas.  The removal of outliers dramatically 
improved results  in some of the indicator areas  however  the difference 
between the participant’s results for the first and second submissions show, 
that there is a lack of clarity and adequacy in the standard.  
 
The results of the annual energy production calculations appeared to vary the 
widely between participant groups. This is due to compounding effects of the 58 
 
inaccuracies that were present throughout the calculation methods. Since the 
all calculations and treatment of data is based upon the binning of the total 
data set into bins of specific wind speed ranges, it is reasonable to say that 
there is a high sensitivity of the whole analysis to the accuracy of the initial 
treatment of the data.  
 
 Although it would appear that the majority of the differences between results 
are on account of the lack of clarity of the standard, it is also fair to say that 
some differences in results would be due to the lack of understanding of the 
English language and also due to a lack of accuracy in the participants 
treatment of the data. The lack of understanding of the English language is 
easy to understand for the participant countries of Japan and Spain, but this 
may also be the case on account of the differences between, American/ 
Canadian/ British and Australian English. The lack of accuracy in the 
treatment of the data is highlighted in the work of RISE, where one of our 
equations was inverted. This error was found and rectified, only to be found 
again possibly due to errors in document management.  
 
It is a natural characteristic of humans that we do not communicate as clearly 
as maybe we should even when we are using the same language and that 
we  as humans make mistakes. These things are unavoidable however, 
where possible this things mitigated by the use of checks and double checks. 
Below contains discussion on points of the standard that might have been 
checked and double checked to ensure as much clarity as possible so that 59 
 
when they are applied by the user has the best likelihood possible of getting 
the same results as anyone else who would apply the same standard.          
 
Clause 5.2 Test site  
Clause 5.2.2 Measurement Sector 
This clause and Annex A, as applied to the provided data was found to be 
reasonably clear in the method it described to determine the measurement 
sector of valid data with some exceptions.  
 
Improvements could be made in the general layout and heading of sections 
to clearly separate sections. Clear wording could be used to describe the 
method of assessing the valid measurement sectors. The layout and method 
wording of this clause however are sufficient with these points only being 
suggestions. 
 
There was a however, lack of information regarding what would be classified 
as a  ‘special topographical condition  or unexpected measurement data 
achieved from direction with complicated structures’  therefore it was not 
possible to assess the data for these conditions. Due to the lack of 
information contained in this clause it would be  difficult  for the NSWTC 
assess special topographical condition or complicated structures at the test 
facility. An assess of the test site according to the standard would most likely 
not yield the same results if another testing body assessed the same site to 
the standard, due to the lack of clarity of the standard.   
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Annex A - Assessment of obstacles at the test site, as referenced by clause 
5.2.2  was found to be lacking in clarity on how to define the valid 
measurement sector boundaries. This was highlighted by the  variation in 
results for most of the participant groups and the request of the IEC for all 
participant groups to use the same measurement sector.  The standard 
contains no guidelines or requests on the use of open or closed boundaries 
of the measurements sectors. It was noted by the IEC in the request changes 
to the treatment of the data that 19˚<= measurement sector direction <= 160 
is not the same as, >=160 measurement sector direction <=19.  The 
assessment of data according to this part of the standard should include 
notes regarding whether the measurement sector boundaries are open or 
closed. It would be wise to be more conservative in the determination of the 
valid measurement sector thus not leading to overestimated values.     
 
It would appear the clause regarding measurement sectors have an 
important role in the obtaining of, as close to possible, uniform results across 
all users of the standard. This is shown by a comparison of the total number 
of data points for each participant group, pre and post clarification from the 
IEC.  
 
The first submission found that of the six groups that submitted results for the 
number of data points in each bins range, only two of the six had results for 
the total number of data points, that were the same. All other participants had 
unique results. The lowest result for this submission was around 30% lower 
than the accepted correct figure for the task. Now comparing these findings 61 
 
to the second submission which followed clarification of the standard, of the 
now seven participant groups that submitted results for the number of data 
points, there were five groups whose results were the same with the other 
two groups having the same results. Further to this,  the lower value was 
99.98% of the upper result.  
 
These findings clearly show that the standard as is, lacks clarity in the 
manner in which data is to be treated. It has been shown that even a small 
amount of additional clarification dramatically improves results.              
 
Clause 7 - Measurement procedure 
Clause 7.6 Database    
This clause outlined the way in which the wind speed range shall be defined 
and organised or in other words how the method of bins shall be set up. 
Although the first submission of RISE included bin ranges and sizes as are 
defined in this part of the standard, it was shown by the varied results of the 
task that this clause of the standard lacks  clarity. The standard deviation 
across all groups and wind speeds was 277 compared to a standard 
deviation of 0.317 (with outlier removed) following the clarification of the way 
in which bins centres and ranges are to be set up. This represents more than 
a 99.9% reduction in the standard deviation of results for all groups and wind 
speeds.  The dramatic decrease in the difference between each of the 
participants results show that the standard with only a small amount of 
clarification could produce a standard which is more accurate and easily 
understood.  62 
 
 
As with the clause regarding measurements sectors this clause does not 
provide instruction regarding the boundaries of the bins, that is, whether the 
bins are open or closed. This is seen only to have a minor effect on the 
results however, it is something that reduces the completeness the standard.    63 
 
3.4.2  Duration Testing 
Unfortunately, the results of the participant groups’ work in the assessment of 
common data to the duration testing sections of the relevant wind turbine 
design standard[11], has not been collated and was therefore not available 
for analysis and discussion. Discussion can therefore only be given on the 
clarity and adequacy of the standard based on its application to the provided 
data.      
 
The standard was found to be clear and accurate and instruction on how to 
treat data according to the duration testing method.  The standard was 
therefore found to be adequate for application to data obtained from the 
testing process at the test facility.     
 
Although not part of the standard, it emerged from the process of completing 
the task was absolute clarity in the log book record keeping is essential. The 
correct application of the standard is dependent upon clear and accurate 
record keeping of events that occur in the course of the wind turbine testing 
process. Without a valid and accurate log book it is not possible to accurately 
determine whether the turbine actually meets the requirements of the 
standard. Each entry in the log book must be explicitly  clear on  event 
characteristics and the actual time that the event began and ended. Each log 
book entry could be assessed at the end of the event of interest as to the 
possible classification of the event according to the standard. Thus reducing 
the need for this task to be completed at a later time and the loss of 
information regarding what actually occurred.    64 
 
4  Suggestions For Possible Further Work 
Suggestions for possible further work as relating to the continuation of work 
presented in this document. 
 
Monitoring Equipment Assessment 
An assessment could be made on the performance and accuracy of the 
monitoring equipment used at the test facility. This work could include the 
assessment and testing of new monitoring equipment that could be used on 
site and could  determine  suitability of the equipment to the end use. 
Recommendations could be made regarding  the type and models of 
monitoring equipment to be used at the new testing facility which is to be 
constructed following the completion of testing at the current site.   
 
New NSWTC Test Facility Site Assessment 
The National Small Wind Turbine Centre will require a new test facility site at 
the completion of the contract for use of the current site. The identification of 
and preliminary wind resource monitoring could be completed at potential 
sites. This work could include the use of wind resource assessment modeling 







Power Performance Standard 
Based on the assumption that the IEC power performance standard [6] is 
amended, an assessment could be made of the same data that was used for 
this  work. The work could determine how results vary from the first and 
second submissions presented in this document. This work could be used to 
explore the clarity and adequacy of the amended standard.     
 
Duration Testing  
The result of the duration testing task could be assessed and used to more 
fully explore the clarity and adequacy of this part of the design standard [9]. 
This work would include a comparison and analysis of the results of each of 
the participant groups who submitted results.   
 
Duration Testing Prediction    
The use  of  monitored data recorded from the current site and from other 
monitored sites, could be used to understand and determine the amount of 
time required to complete testing according to the duration testing 
requirements  [9]. This work could compare the predicted time required to 
complete testing on the current site with the actual time taken. Reasons for 
any variation could be explored. This work could be used to inform the 
selection of second test facility site by recommending the average wind 
speed that would be required on site to be able to test to the various class 
categories of the design standard [9].    66 
 
 
5  Conclusion and Recommendations  
5.1  Site Development  
The public consultation process is considered to be important in the overall 
success of the development of a wind site and should therefore be a key 
consideration in any future site development carried out by the NSWTC. With 
this in mind, it is important to correctly craft the public consultation letter to 
ensure that the intended meaning is accurately conveyed. The need to have 
knowledge of the sound pressures that will be  expected at neighbouring 
properties is emphasised by the query of a nearby resident regarding sound 
levels. 
 
It is recommended that since the public have the ability to provide resistance 
to the development of a wind site it is important that a serious approach be 
taken to the planning and execution of the public consultation process. This 
approach should include the careful planning of public consultation letter 
along with the anticipating of any issues that may arise such as issues 
regarding expected sound pressures by completing preliminary sound 
assessments.  
 
The understanding of wind resources at a wind test facility is important in the 
overall success of the facility and the understanding of which small wind 
turbine classes the test facility can test to. Accurate and consistent data is 
essential to the full understanding of the characteristics of a wind resource. 67 
 
Each component of a wind monitoring programme must come together to 
ensure that monitoring is installed at the earliest possible time and that valid 
data can be consistently obtained. This requires a planned approach to 
efficiently design the site, correctly test and set up equipment and have 
sufficient redundancy of equipment. 
 
It is also recommended that for both the wind monitoring relating to the 
turbines testing at the current site and the wind monitoring assessment made 
at the future site, that the sensitivity of each project to the loss of data be 
carefully assessed. If found to be highly sensitive it is recommended that the 
monitoring program be carefully planned to ensure the setting up of a 
monitoring progamme that will ensure the obtaining of accurate and complete 
data  that meet the aims of the monitoring programme from the earliest 
possible time.         
 
5.2  IEC/AS Standards 
The power performance standard [6] lacked clarity of meaning in the clauses 
regarding measurement sector assessment and the treatment of data into 
valid database sets. The assessment of the measurement sectors and the 
binning of data was determined to be essential in the preparation of valid 
data that would be used for all other calculations that follow as part of the 
assessment of wind turbine power performance. The standard was therefore 
not found to be adequate for application  to wind turbine testing  at the 
NSWTC unless these issues are clarified by the IEC committee. 
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It is recommended that the power performance standard be applied with due 
consideration to, the limitations of the way in which the intended meaning is 
presented in the standard. It is also advised that recognition be given to the 
fact that results prepared the NSWTC will not always concur with the results 
of other testing bodies due to the lack of clarity in the power performance 
standard. To overcome some of the standard’s inadequacies it is 
recommended that boundaries of data be stated as to whether they are open 
or closed. 
 
The duration testing clauses of the design standard [11] were found to be 
clear and adequate for application at the NSWTC. However, it is important to 
note that the standard will only be effective if events that occur during testing 
are accurately recorded.  
 
Meticulous log books should be kept on the events of that occur in the testing 
process so that the accuracy of the duration testing standard can be 
maintained.      
 
In conclusion, assistance was given in the development of the current wind 
trubine test facility which provided on increased understanding of the relevant 
importance of some of the key areas of the initial set up of the wind turbine 
test facility. By participantion in two international IEC tasks the clarity and 
adequacy was determined for portions of current national and international 
standards, in application to the development of a small wind turbine testing 
facility.    69 
 
6  References 
[1] Personal communication with Dr Jonathan Whale  
[2] Draft Business Case, RISE Small Wind Turbines Centre, March 2008. 
Research Institute for Sustainable Energy 
[3] Robert Gunning – FOG 
Index. http://en.wikipedia.org/wiki/Gunning_fog_index (28
th October 2009) 
[4] Personal communication via telephone with Joanna Jenkins, Public 
Relations Consultant. (1
st July 2009) 




[6] IEC61400 Wind turbines - IEC 61400-12-1(Ed1,2005): Power 
performance measurements of electricity producing wind turbines, 
International Electrotechnical Commission, Geneva, Switzerland 
[7] Google search results to the title of ‘stop wind farm’. 
http://www.google.com.au/search?hl=en&q=stop+wind+farm+&btnG=Search
&meta=&aq=f&oq (26
th July 2009) 
[8] Sound pressure chart. http://en.wikipedia.org/wiki/Sound_pressure (11
th 
July 2009) 
[9] IEC 61400 Wind turbines -IEC 61400-2 (Int, 2006): Design requirements 
of small wind turbines.International Electrotechnical Commission Standard, 
Geneva, Switzerland 
[10] IEC website. http://www.iec.ch/ (Accessed 9
th September 2009) 70 
 
[11] British Wind Energy Associations (BWEA) Standard, Small Wind Turbine 
Performance and Safety Standard (2008). London, England.   71 
 
Appendix A - Site Development 
A.1 Sound Assessment  
A sample from the spreadsheet prepared to calculate the expected sound 
pressures are various distances from the source. Below is also contained a 
figure showing the sound pressure as changing with distance from the 
source. 
 










A.2 Test and Monitoring Tower Locations 
Below is an example of part of the spreadsheet produced to assess the 
turbine and monitoring tower  relationship according to the IEC 61400-12-1 
power performance standard [6]. The different colours represent the different 
towers on which the monitor would be placed to lie within the range 
acceptable in the standard of having the sensor  between 2 and 4 rotor 
diameters away from the turbine under test. The below table was repeated a 
number of times to investigate different tower locations and their relationships 
to each other.  
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A.3 Public Consultation Letter and Photo Monatages 
 
20
th July 2009 
 
Murdoch University, through its Research Institute for Sustainable Energy 
(RISE), proposes to temporarily install small wind turbines at the Henderson 
Waste Recovery Park. The tests will assess the performance of small, 
domestic scale, wind turbines. The purpose of this is letter is to provide local 
residents with information regarding this project. 
 
The research project is expected to begin in December 2009 and will be run 
for a period of three years, after which, all equipment will be removed from 
site. This project is NOT a wind farm and will consist of only two, twenty 
metre tall slender masts. Only one turbine will be installed on site at any 
particular time with the other mast having weather monitoring equipment 
fitted. The turbines to be tested will have a blade length of up to 2.5metres. 
    
The turbines that will be tested are designed for installation within the urban 
setting and consequently are designed for very quiet in operation. The closest 
residential home is further than 400metres to the proposed site. The turbine’s 
sound output has been calculated to be inaudible at this distance and greater. 
 
The purpose of the project is to measure and rate the performance of 
commercially available small wind turbines. The results will be used to 
prepare information for product labeling aimed at increasing consumer 
awareness and confidence about these products. All test results will be made 
publicly available.  
 
This site was selected by Murdoch University due to the excellent wind 
resources available in the area and the considerable distances to nearby 
homes.  The City of Cockburn is supportive of the project and have 
generously donated the use of land within the park for the duration of testing. 
 
Should you have any questions, comments or require further information 
please contact myself on 9360 6620 or B.Brix@murdoch.edu.au.  Any 
comments on the proposal should reach RISE by no later than Monday 10
th of 
August 2009.    
 
Yours faithfully            
 
Bernie Brix,  
Manager – Small Wind Turbine Centre 
Research Institute for Sustainable Energy,  Murdoch University, Western 
Australia. 75 
   
Photo montage of the proposed site from the 
corner of Moylan Road and Dalison Avenue. 




Photo montage of the proposed site from the 
corner of Carrati Road and Moylan Road. 








Appendix B - IEC Tasks 
B.1 Measurement Sector  
The spreadsheet used to calculate the valid measurement sectors for the 
power performance calculations.  
 
B.2 Power Performance Report  
This document represents the second submission as presented by RISE to 
the IEC committee working group . Adjustments made to the first submission 
report are shown by the highlighted text. The results of RISE presented in 
this document will differ slightly from the results contained within the 
dissertation document as errors in calculations were corrected after the 
second submission report was submitted. 
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IEC 61400 MT2 - IEA Wind R&D Task 27 
Wind Turbine Power Performance Data Analysis 
Peer Review Exercise 
 
RISE Western Australia 
Prepared by Avishek Malla, Jonathan Whale  
and Fraser Ibbotson 
 
Task Description 
Complete power performance tests according to the BWEA and IEC 61400-
12-1 standards. Data provided was on a grid connected Ampair 600-230 
Mk2.5 wind turbine which was tested by NaREC at the Myres Hill wind 
turbine test site. 
The test data was made available by NaREC with the approval of Ampair. 
 
Provided files included; 
•  two excel files with the raw 1 minute averaged data 
•  word document which gives an explanation of existing turbines and 
buildings with data on exclusion times and uncertainty information 
•  a PDF file of the turbine location map 
•  an excel with the site topographical measurements  
 
Revised Task Description – Additional Task Requests  
 
Please note that this report is a copy of the first submission with the 




State where bin upper and lower limits are open or closed boundaries. See 
Clause 7.6 Database. 
Data selection based upon the NaREC measurement sector. See Annex A - 
Assessment of obstacles at the test site.   
The stating of the reasons for data rejection. See Clause 7.4 Data rejection. 
Presentation of results according the format specified in IEC 61400-12-1 
Table 1“Example of presentation of a measured power curve for database A”, 
for reference air density of 1.225kg/m3. See Clause 9 Report Format, f) 1. 
 
Task Actions 
Wind Turbine Power Performance Data Analysis to the BWEA and IEC 
61400-12-1 standards. 
 
The task was completed in a step by step approached based on the above 
noted standard. Each section of the standard was read and applied 
sequentially to the provided data in order to make an assessment of the 
power performance of the wind turbine. In the case of the IEC standard 
special attention was given to Annex H which noted how power performance 
testing of small wind turbines is to be completed. 
It was the intention of our group to complete the following task; 
•  Data validation and rejections assessments 
•  Data correction  
•  Data normalisation 
•  Production of a power curve 
•  Calculate the Annual Energy Production (AEP) 
•  Time permitting write a report according to each standard’s guidelines 
•  Present notes on queries and comments that arose through the 
applying of each standard  
•  Calculation of uncertainties   
 
Appendix B and C contain notes on any queries and comments that arose 
through the course of this Peer Review Exercise. These notes may be used 81 
 
to assist in the adjustment of the standard in order to clarify the intended 
meaning the standard.  
 
The following are section presents that method which was used in the 
application of the two standards including any assumptions made in the 
completion of the task. Results of the completed task are presented in the 
relevant clauses. 82 
 
Method of Applying the Standards 
Wind Turbines – Power performance measurements of electricity 
producing wind turbines IEC 61400-12-1 (Edition 1.0, 2005-12) 
Application of the standard 
Clause 1 to 4 of the standard were not assessed in detail for clarity of 
meaning and error except where needed in order to understand the applied 
sections of the standard. 
 
Clause 5 - Preparation for performance test 
5.2 Test site  
5.2.2 Measurement sector 
The disturbed sectors due to neighbouring wind turbines and obstacles are to 
be assessed using the procedure in Annex A - Assessment of obstacles at 
the test site. See Annex A for notes.  
 
5.2.3 Correction factors and uncertainty due to flow distortion 
originating from topography. 
The determination of whether a site calibration is required or not is based on 
an assessment using the procedure in Annex B – Assessment of terrain at 
the test site. 
See section Annex B for notes.    
 
It is assumed that the conditions of Annex B were satisfied and a site 
calibration is not required for this site since no information was provided on a 
performed site calibration.  
 
Clause 7 – Measurement procedure 
7.4 Data rejection 
Points 1-4 are assumed to be completed according to standard. Data was 
rejected according to the information titled ‘Excluded Data’ in the provided 
documentation for the task. 
 
Data rejection was based on the following points; 83 
 
Point 5 – Wind direction outside the measurement sector(s)  
as defined by Clause 5.2.2. 
 
The details of the wind directions that were deemed outside the 
measurement sectors were determined according to Annex A as referenced 
by Clause 5.2.2. 
See Annex A notes. 
 
Point 6 – Wind directions outside valid (complete) site calibration sectors 
See notes on Clause 5.2.3. 
 
7.5 Data correction 
As per clause 5.2.3 - It is assumed that the conditions of Annex B were 
satisfied and a site calibration is not required for this site since no information 
was provided on performed site calibration. Data correction is not required 
due to flow distortion. 
 
Air pressure was not corrected as it was deemed that the air pressure sensor 
was close to hub height being mounted at 4.7 the wind turbine hub.  
 
7.6 Database 
Binning intervals of 0.5m/s were applied with mid intervals being integer 
multiples of 0.5m/s. Lower bin boundaries were open and upper boundaries 
were closed. 
 A bin was considered complete if it had at least 10 samples within it (see 
Annex H). Consequently bins from mid points 16.5 to 17.5 were rejected in 
the analysis. The bin range began from 2m/s due to the cut-in speed being 
3m/s for the test wind turbine. Data base hours from mid-bin range of 2m/s to 
16m/s = 895hours hence satisfies the 60 hours criteria.  
 
Clause 8 – Derived results 
 8.1 Data normalisation  
Normalised to two reference air densities; 84 
 
Sea level air density - Normalised power output  was obtained with the 
correction of air density with respect to the sea level reference density of 
1.225 kg/m
3 (using Equation 2). 
 
The assumption was made that the turbine has a passive power control 
mechanism.  
 
Average of the measured air density data at the test site during periods of 
valid data collection – Due to there only being two months of data available 
average air density calculation were not performed. 
 
8.2 Determination of the measured power curve  
Completed as per the requirements of the standard. 
  
8.3 Annual Energy Production (AEP) 
Measured and extrapolated AEP values were calculated as per the standards 
requirements. 
 
8.4 Power coefficient 
Completed as per the requirements of the standard. 
 
Clause 9 – Reporting Format 
a) An identification and description of the specific wind turbine configuration 
under test – Information not available to complete this clause. 
 
b) A description of the test site - Information not available to complete this 
clause. 
 
c) A description of the test equipment - Information not available to complete 
this clause. 
 
d) A description of the measurement procedure - Information not available to 
complete this clause. 85 
 
 
e) Presentation of measured data – Insufficient time to complete this clause. 
 
f) Presentation of measured power and Cp curve for air density at sea level. 
 
1. The power curve represented in table form. The grey highlighted bins 
represent bins that were deemed as complete. 
Measured  Power Curve for the Ampair 600/230 MK 2.5 
Reference Air Density: 

















(1 min ave) 
Standard 
Uncertaint








Uci            
(kW) 
1  0.5  -0.006  -43.84  177 
 
     
2  1  -0.006  -4.78  658 
 
     
3  1.5  -0.006  -1.49  1181 
 
     
4  2  -0.006  -0.60  1503 
 
     
5  2.5  -0.006  -0.31  2229 
 
     
6  3  -0.006  -0.18  2882 
 
     
7  3.5  -0.005  -0.09  3107 
 
     
8  4  0.004  0.04  3398 
 
     
9  4.5  0.018  0.15  3358 
 
     
10  5  0.034  0.20  4242 
 
     
11  5.5  0.052  0.23  4845 
 
     
12  6  0.071  0.24  4918 
 
     
13  6.5  0.091  0.25  4616 
 
     
14  7  0.110  0.24  3853 
 
     
15  7.5  0.129  0.23  3267 
 
     
16  8  0.146  0.21  2545 
 
     
17  8.5  0.162  0.20  2105 
 
     
18  9  0.177  0.18  1731 
 
     
19  9.5  0.190  0.17  1397 
 
     
20  10  0.202  0.15  1181 
 
     
21  10.5  0.214  0.14  877 
 
     
22  11  0.223  0.12  712 
 
     
23  11.5  0.229  0.11  491 
 
     
24  12  0.234  0.10  347 
 
     
25  12.5  0.235  0.09  232 
 
     
26  13  0.237  0.08  124 
 
     
27  13.5  0.237  0.07  71 
 
     
28  14  0.237  0.07  61 
 
     
29  14.5  0.239  0.06  33 
 
     
30  15  0.241  0.05  23 
 
     
31  15.5  0.242  0.05  19 
 
     86 
 
32  16  0.243  0.04  17 
 
     
33  16.5  0.247  0.04  6 
 
     
34  17  0.249  0.04  7 
 
     
35  17.5  0.257  0.03  1 
 
     
                       87 
 
2. The power and Cp curve represented in graph form. 
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3. The Cp curve represented in graph form. 89 
 
g) Presentation of measured power curve for site specific air density - Due to there only being two months of data available average 
air density calculations were not performed. 
 
h) Presentation of measured power curves collected under special operational and atmospheric conditions - Information not 
available to complete this clause.   
 
i) Presentation of estimated annual energy production for air density at sea level. 
   Estimated Annual Energy Production (Ampair 600/230 Mk 2.5)     
   Reference air density : 1.225 kg/m3       
   Cut-out speed : Not Applicable      
    (Extrapolation by Constant Power From Last Bin)    
Annual Average 
Wind Speed at Hub 
Height (m/s) - 
Rayleigh                          
AEP Measured 
(kWh) - Measured 
Power Curve                           
Standard 
Uncertainty 




in AEP                           
% 
AEP Extrapolated 
(kWh) - Extrapolated 






3  0.00        0.00  Complete 
  4  240.21        240.21  Complete  228.20 
5  464.58        464.68  Complete  441.44 
6  687.81        689.94  Complete  655.44 
7  895.71        894.74  Complete  850.00 
8  1,027.93        1,070.96  Complete  1,017.42 
9  1,121.79        1,216.28  Incomplete  1,155.42 
10  1,167.61        1,329.95  Incomplete  1,263.45 
11  1,175.12        1,412.18  Incomplete  1,341.57 90 
 
 
j) Presentation of estimated annual energy production for site specific air 
density - Due to there only being two months of data available average air 
density calculations were not performed. 
 
k) Presentation of measured power coefficient 
See above section f).3. 
 
l) Presentation of results of site calibration – Site calibration not completed or 
information not available to complete this clause. 
 
m) Uncertainty of measurement - Insufficient time to complete this clause. 
 
n) Deviations from the procedure - Insufficient time to complete this clause. 
 
Annex A - Assessment of obstacles at the test site 
A.1 Requirements regarding neighbouring and operating wind turbines 
Annex A was used to assess the disturbed sectors due to the meteorological 
mast being in the wake of the wind turbines under test.    
 
The assumption was made that all on the neighbouring wind turbines were 
operating for the duration of the test. 
 
Neighbouring wind turbines were not closer than 2* rotor diameter therefore 
this condition was satisfied. 
 
The assumption was made that the neighbouring wind turbines was at a 
bearing of 45° from the meteorological mast. This assumption was based on 
visual assessment of the provided drawing for the site. It is interesting to note 
that if the assumed angular relationship between the meteorological mast 
and the test wind turbine was 9.2° greater (54.2°) then the results obtained 
for the exclusion sector would be the same as those found by NaREC in their 
report. The assumption of an angle of 45° from true north has been found to 91 
 
be incorrect, with the correct relationship angle being given as 55° (the 
complimentary angle of the 235° reference given in the email regarding the 
revision of the task by Jeroen van Dam.)    
 
The sectors to exclude due to wake from neighbouring wind turbines was 
calculated using Figure A.1. In order to calculate the exclusion sectors from 
Figure A.1 the Excel spreadsheet ‘Annex A’ was prepared. See Appendix A – 
Spreadsheet Calculations of Annex A. Please note that the provided data is 
coloured in blue.  
 
It was determined that the excluded sectors are from 9.8° - 159.8°.  
As requested the new selected valid data (and data presented in tables and 
graphs) is based on the stated included sectors of between 160° - 19° with 
boundaries for included data being open. The decision to used open 
boundaries for the requested angles was based on the fact that Annex A 
refers to the determination of ‘excluded sectors’. The excluded sectors for the 
revised task were therefore determined to be between 19° - 160° with closed 
boundaries. The new areas for inclusion are therefore, from 0° – 19° and 
from 160° to 360° with boundaries being open.  
 
It was determined that the new excluded sectors, as calculated with the 
provided turbine/ meteorological mast angle, are from 19.8° - 159.8° with 
closed boundaries. A new valid data set was not calculated based on these 
determined exclusion sectors as it seems that other groups within this task 
will be recalculating the valid data set based on the request of included 
sectors of between 160° - 19°. Since a different exclusion sector has been 
calculated, please see the attached Excel spreadsheet – Annex A 
Assessment of obstacles at the test site to understand the analysis method 






A.2 Requirements regarding obstacles 
Insufficient information was provided to allow the assessment of the 
obstacles surrounding the meteorological mast and test wind turbine 
according to the clause A2. Obstacles were therefore treated as operating 
wind turbines according to clause A1 with equivalent rotor diameter being 
provided by the IEC/IEA according to the equation A.4. 
 
Annex B – Assessment of terrain at the test site 
Insufficient information was provided to allow the calibration of the site 
therefore the terrain was deemed to have met the requirements of Annex B. 
 
Annex H – Power performance testing of small wind turbines 
 The database was considered complete when it had met the requirements of 
Clause n) of this Annex. 
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British Wind Energy Association Small Wind Turbine Performance and 
Safety Standard (29 Feb 2008) 
Clause 2 – Performance Testing 
The database shall be considered complete in accordance with Clause 7.6 – 
Database of the IEC61400-12-1 with a variation as noted in clause 2.1.14 of 
the BWEA. 
 
Clause 2.1.14 of the BWEA is similar to clause n) of Annex H of the 
IEC61400-12-1 with the only exception being the clause n) 3. The BWEA 
assessment of the provided data was in accordance with this clause. 94 
 
Clause 6 – Reporting and Certification 
6.1.1 Summary Report Power Curve. 
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Cp curve.  
   96 
 
AEP curve.  97 
 
 
6.1.4 BWEA Reference Annual Energy 
= 464.58kWh/year 
Note: NaREC’s value is 481.45kWh/year. 
 
6.1.6 BWEA Reference Power, at 11.0m/s (24.6mph) 
= 223W   
Note: NaREC’s value is 231W. 
 
Discussion and Conclusion 
Various reasons exist as to why there is a difference between the results 
presented by NaREC and the results that we obtained by RISE. These 
reasons may include the following; 
•  Binning method – The way in which data is binned subtlety influences 
the final values obtained 
•  Available information – Information was not available concerning the 
operational status of the neighbouring wind turbines or the parameters 
of obstacles such as free wind speed at obstacles height, porosity of 
obstacles or the roughness length. This lack of information leads to 
inaccuracies in the values obtained. A lack of information on the 
angular relationship between the meteorological mast and the test 
turbine resulted in the difference between the NaREC results and 
RISE’s as noted in Annex A notes.  
 
Finally as a consequence of the difference between the IEC and BWEA 
standards the test assessed to the IEC was deemed completed however the 




Appendix A – Spreadsheet Calculations of Annex A 
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Appendix B - Queries / Comments on the IEC Standard 
Clause 6 – Test equipment 
6.4 Air density  
 ‘Close to’ needs to be defined.  
Clause 7 – Measurement procedure 
7.5 Data correction 
‘Close to’ needs to be defined.  
Clause 9 – Reporting Format 
k) Presentation of measured power coefficient requires the presentation of a 
graph of the power coefficient as a function of wind speed and table of these 
values. How is this requirement different from the presentation of the power 
coefficient as a function of wind speed and table of these values in part f)?   
Why does the bins numbers begin with number 4 on Table 1? Is this the 
desired layout of tables prepared according to this standard or is this just 
presentation manner for this case? 
 
Annex A - Assessment of obstacles at the test site 
A.2 Requirements regarding obstacles 
Further details could be provided on the definition of the terms ‘significant 
obstacle’ and ‘reasonable distance’.  
Clarification is required as to how the dimensions of obstacles are to be 
assessed. For example, how the width of a building measured for application 
in the equation A.4. That is, whether this width is the width of the building 
itself irrespective of orientation or if the width of the building is as seen from 
an observer at the meteorological mast or test wind turbine base.   
 
Annex B – Assessment of terrain at the test site 
Clarification is required as to the definition of the asterisk (*) point. 
 
Annex H – Power performance testing of small wind turbines 
o) In 8.1: for turbines with passive power control such as furling or blade 
fluttering, wind speed be normalized using equation (5) (wind speed 100 
 
adjustment), equation (6) (power adjustment), or an alternative method. 
Documentation must be provided to justify the use of an alternative method 
The above noted equation reference numbers are incorrect and need to be 
referenced as equation (3) (wind speed adjustment) and equation (2) (power 
adjustment). 101 
 
Appendix C - Queries / Comments on the BWEA Standard  
2 Performance Testing 
2.1 Performance tested and documented as per BS EN 61400-12-1  
 
Question: Is BS EN 61400-12-1 identical to IEC 61400-12-1? 
Email to David Sharman received following response: 
I believe that IEC 61400-12-1 is word for word identical with BS EN 61400-
12-1 and that no country-specific changes have been introduced 
 
2.1.1  Paraphrasing: Referring to section 5.1 of BS EN61400-12-1, 
performance extends to turbine; tower; controller, regulator or inverter; 
wiring between turbine and load; transformer and dump load. Power 
measured at connection to load (i.e. for grid-connected turbines this is 
power sent to grid after inverter and includes efficiency of inverter.  
 
Comment: Performance results will obviously be dependent on the choice of 
inverter (unless inverter is enclosed as part of turbine e.g. Skystream). 
Details of inverter would need to be mentioned on label. 
 
2.1.2.  Paraphrasing: Battery banks not part of system for battery-charging 
(although part of system for grid-connection with battery back-up). Power 
performance is power sent to battery bank. 
Question: Are performance results dependent on choice of battery bank. 
Does turbine manufacturer need to recommend a particular battery 
bank and do the details of the battery bank need to be mentioned on 
label? 
 
2.1.8  Paraphrasing: Separate meteorological tower not required – sensor 
can be attached to long boom connected to turbine tower. Wind 
sensors must be at least 3m away from any part of the rotor 
( measurement anemometer 2-4D from turbine). Anemometer 
mounting should minimise cross-sectional area of instrumentation that 
is above the level that is 1.5 rotor diameters below hub height 102 
 
 
Question: Could this be made clearer? A diagram would be useful. 
2.1.15  Paraphrasing: Complete Data Sets: 
1. Total database contains at least 3600 points with the wind in the 
wind speed range 
2. At least 10 readings for x m/s to 14 m/s where x = cut-in -1 
3. At least 10 readings for each bin between y m/s to y+5 m/s where y 
= lowest wind speed where turbine reaches 95% of its maximum 
power 
 
Question: IEC61400-12 refers to the “wind speed range” as The 
selected data sets shall at least cover a wind speed range extending 
from 1 m/s below cut-in to 1,5 times the wind speed at 85 % of the rated 
power of the wind turbine. Alternatively, the wind speed range shall 
extend from 1m/s below cut-in to a wind speed at which "AEP-
measured" is greater than or equal to 95 % of "AEP-extrapolated". I am 
assuming that Annex H takes precedence and that the “wind speed 
range” just refers to the range of wind speeds where the turbine is in 
“normal” operation i.e. between cut-in and cut-out/furling. Is this 
correct? 
 
Question: Is “Maximum Power” the maximum power that the turbine 
attains over the range of completed wind speed bins or is it the 
maximum power recorded?  
 
Question: How is “sustained output” verified? 
 
2.1.16 If turbine does not shut down (has no cut out speed) then calculate 
AEP based on assuming cut-out wind speed as greater of highest filled bin 
(i.e. at least 10 readings) or 25 m/s. 
 103 
 
Question: Suppose highest filled bin = 18 m/s then there would be a 
number of bins between 18 m/s and 25 m/s with less than 10 readings – 
include these in AEP-measured?  
 
Question: Should clause 2.1.16 refer to “AEP-extrapolated” rather than 
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B.3 IEC Power Performance Tabular Results  
Results below show the tabular results of the power performance task for all 
participant groups for both the first and second report submissions. 
B.3.1 First Submission 
B3.1.1 Number of Data Points (First Submission) 
























           
 
        
1  177  156  242  156 
 
156    
2  658  624  513  626     624    
3  1181  1094  1180  1108     1094    
4  1503  1378  2038  1401     1378    
5  2229  2108  2399  2132     2108    
6  2882  2770  2390  2797     2770    
7  3107  3002  2674  3029     3002    
8  3398  3330  3013  3350     3330    
9  3358  3322  3186  3341     3322    
10  4242  4201  3472  4236     4201    
11  4845  4811  3499  4844     4811    
12  4918  4883  3180  4919     4883    
13  4616  4579  2894  4615     4579    
14  3853  3830  2293  3855     3830    
15  3267  3245  1795  3267     3245    
16  2545  2530  1276  2546     2530    
17  2105  2092  1031  2104     2092    105 
 
18  1731  1726  775  1733     1726    
19  1397  1392  630  1399     1392    
20  1181  1178  502  1181     1178    
21  877  877  334  877     877    
22  712  712  275  712     712    
23  491  491  212  491     491    
24  347  347  145  347     347    
25  232  231  98  232     231    
26  124  124  59  124     124    
27  71  71  37  71     71    
28  61  61  32  61     61    
29  33  33  23  33     33    
30  23  23  11  23     23    
31  19  19  7  19     19    
32  17  17  10  17     17    
33  6     2  6          
34  7     6  7          
35  1     1  1          
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B3.1.2 Average Wind Speed (First Submission) 






































                       
1  0.57  0.57  0.50  0.57  0.38  0.57    
2  1.03  1.03  1.04  1.03  0.79  1.03    
3  1.50  1.50  1.52  1.50  1.31  1.50    
4  2.02  2.02  2.02  2.02  1.79  2.02    
5  2.51  2.51  2.50  2.51  2.42  2.51    
6  3.01  3.01  3.00  3.01  2.77  3.01    
7  3.50  3.50  3.51  3.50  3.26  3.50    
8  4.00  4.00  4.00  4.00  3.75  4.00    
9  4.50  4.50  4.50  4.50  4.25  4.50    
10  5.01  5.01  5.01  5.01  4.76  5.01    
11  5.50  5.50  5.50  5.50  5.26  5.50    
12  6.00  6.00  5.99  6.00  5.75  6.00    
13  6.50  6.50  6.50  6.50  6.25  6.50    
14  6.99  6.99  6.99  6.99  6.74  6.99    
15  7.49  7.49  7.49  7.49  7.24  7.49    
16  7.99  7.99  7.99  7.99  7.74  7.99    
17  8.49  8.49  8.49  8.49  8.24  8.49    
18  8.99  8.99  8.99  8.99  8.74  8.99    
19  9.48  9.48  9.49  9.48  9.24  9.48    
20  9.99  9.99  9.99  9.99  9.75  9.99    
21  10.49  10.49  10.50  10.49  10.24  10.49    
22  10.99  10.99  10.99  10.99  10.77  10.99    
23  11.48  11.48  11.48  11.48  11.24  11.48    
24  11.99  11.99  11.98  11.99  11.74  11.99    
25  12.49  12.49  12.50  12.49  12.23  12.49    
26  12.99  12.99  12.99  12.99  12.74  12.99    
27  13.46  13.46  13.49  13.46  13.27  13.46    
28  13.95  13.95  13.93  13.95  13.79  13.95    
29  14.46  14.46  14.47  14.46  14.27  14.46    
30  14.97  14.97  14.95  14.97  14.75  14.97    
31  15.55  15.55  15.56  15.55  15.24  15.55    
32  15.98  15.98  15.94  15.98  15.74  16    
33  16.48     16.55  16.48  16.18       
34  16.98     16.96  16.98  16.74       
35  17.72     17.72  17.72  16.98       107 
 




































                       
1  -0.006  -0.010  -0.007  -0.006  -0.007  -0.007    
2  -0.006  -0.010  -0.007  -0.006  -0.007  -0.007    
3  -0.007  -0.010  -0.007  -0.006  -0.007  -0.007    
4  -0.007  -0.010  -0.007  -0.006  -0.007  -0.007    
5  -0.007  -0.010  -0.006  -0.006  -0.006  -0.007    
6  -0.007  -0.010  -0.003  -0.006  -0.006  -0.007    
7  -0.005  -0.010  0.003  -0.005  -0.004  -0.005    
8  0.004  0.000  0.016  0.004  0.002  0.004    
9  0.019  0.020  0.035  0.018  0.018  0.020    
10  0.035  0.040  0.052  0.034  0.035  0.037    
11  0.054  0.060  0.069  0.052  0.053  0.056    
12  0.074  0.080  0.086  0.071  0.071  0.076    
13  0.094  0.100  0.104  0.091  0.090  0.098    
14  0.114  0.120  0.122  0.110  0.110  0.119    
15  0.133  0.140  0.138  0.129  0.129  0.138    
16  0.151  0.160  0.153  0.146  0.146  0.157    
17  0.168  0.170  0.168  0.162  0.162  0.174    
18  0.184  0.190  0.182  0.177  0.178  0.191    
19  0.197  0.200  0.197  0.190  0.192  0.205    
20  0.210  0.220  0.210  0.202  0.206  0.218    
21  0.222  0.230  0.223  0.214  0.218  0.230    
22  0.231  0.240  0.233  0.223  0.228  0.239    
23  0.238  0.250  0.242  0.229  0.235  0.247    
24  0.243  0.250  0.247  0.234  0.241  0.252    
25  0.244  0.250  0.249  0.235  0.242  0.253    
26  0.245  0.250  0.251  0.237  0.244  0.255    
27  0.246  0.260  0.250  0.237  0.243  0.255    
28  0.245  0.250  0.248  0.237  0.246  0.255    
29  0.248  0.260  0.250  0.239  0.247  0.258    
30  0.250  0.260  0.252  0.241  0.249  0.260    
31  0.252  0.260  0.251  0.242  0.251  0.263    
32  0.253  0.260  0.254  0.243  0.252  0.263    
33  0.258     0.258  0.247  0.254       
34  0.259     0.258  0.249  0.259       
35  0.267     0.267  0.257  0.259       
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B3.1.4 Power Coefficient (First Submission) 















              1     -25.39  -38.4  -41.38     -25.37 
2     -4.37  -4.19  -4.74     -4.37 
3     -1.46  -1.36  -1.50     -1.46 
4     -0.60  -0.57  -0.60     -0.60 
5     -0.31  -0.28  -0.31     -0.31 
6     -0.18  -0.09  -0.18     -0.18 
7     -0.08  0.05  -0.09     -0.08 
8  0.047  0.05  0.18  0.04  0.03  0.05 
9  0.150  0.15  0.27  0.15  0.17  0.15 
10  0.203  0.21  0.3  0.20  0.23  0.21 
11  0.232  0.24  0.3  0.23  0.26  0.24 
12  0.245  0.25  0.29  0.24  0.27  0.25 
13  0.247  0.26  0.27  0.25  0.27  0.26 
14  0.241  0.25  0.26  0.24  0.26  0.25 
15  0.228  0.24  0.24  0.23  0.24  0.24 
16  0.214  0.22  0.22  0.21  0.23  0.22 
17  0.197  0.20  0.2  0.20  0.21  0.20 
18  0.181  0.19  0.18  0.18  0.19  0.19 
19  0.166  0.17  0.17  0.17  0.17  0.17 
20  0.152  0.16  0.15  0.15  0.16  0.16 
21  0.138  0.14  0.14  0.14  0.15  0.14 
22  0.125  0.13  0.13  0.12  0.13  0.13 
23  0.113  0.12  0.11  0.11  0.12  0.12 109 
 
24  0.101  0.11  0.1  0.10  0.11  0.11 
25  0.090  0.09  0.09  0.09  0.10  0.09 
26  0.080  0.08  0.08  0.08  0.08  0.08 
27  0.072  0.08  0.07  0.07  0.07  0.08 
28  0.065  0.07  0.07  0.07  0.07  0.07 
29  0.059  0.06  0.06  0.06  0.06  0.06 
30  0.054  0.06  0.05  0.05  0.06  0.06 
31  0.048  0.05  0.05  0.05  0.05  0.05 
32  0.045  0.05  0.05  0.04  0.05  0.05 
33  0.041     0.04  0.04  0.04    
34  0.038     0.04  0.04  0.04    
































4  248.37  260.00  323.84  240.26 
 
258.27 
5  481.45  500.00  548.36  464.61     499.76 
6  715.52  740.00  748.13  687.84     740.20 
7  929.15  960.00  887.36  895.74     948.92 
8  1114.42  1140.00  959.29  1,027.95     1107.00 
9  1268.73  1320.00  976.41  1,121.81     1208.44 
10  1390.67  1450.00  956.16  1,167.62     1258.13 
11  1479.77  1560.00  913.59  1,175.14     1266.50 111 
 
B.3.2 Second Submission  
B.3 2 1 Number of Data Points (Second Submission) 
























                       
1  177  177  177  177  177  180  177 
2  658  658  658  658  658  687  658 
3  1181  1181  1181  1181  1181  1192  1181 
4  1503  1503  1503  1503  1503  1566  1503 
5  2229  2229  2229  2229  2229  2292  2229 
6  2882  2882  2882  2882  2882  2931  2882 
7  3107  3107  3107  3107  3107  3178  3107 
8  3398  3404  3398  3398  3398  3424  3398 
9  3358  3352  3358  3358  3358  3472  3358 
10  4242  4242  4242  4242  4242  4361  4242 
11  4845  4845  4845  4845  4845  4952  4845 
12  4918  4918  4918  4918  4918  4957  4918 
13  4616  4616  4616  4616  4616  4578  4616 
14  3853  3853  3853  3853  3853  3877  3853 
15  3267  3267  3267  3267  3267  3124  3267 
16  2545  2545  2545  2545  2545  2488  2545 
17  2105  2109  2105  2105  2105  2021  2105 
18  1731  1727  1731  1731  1731  1714  1731 
19  1397  1397  1397  1397  1397  1341  1397 
20  1181  1181  1181  1181  1181  1100  1181 
21  877  877  877  877  877  831  877 
22  712  712  712  712  712  682  712 
23  491  491  491  491  491  427  491 
24  347  347  347  347  347  325  347 
25  232  232  232  232  232  194  232 
26  124  124  124  124  124  110  124 
27  71  71  71  71  71  68  71 
28  61  61  61  61  61  48  61 
29  33  33  33  33  33  29  33 
30  23  23  23  23  23  19  23 
31  19  19  19  19  19  19  19 
32  17  17  17  17  17  13  17 
33  6     6  6  6     6 
34  7     7  7  7     7 




B.3 2 2 Average Wind Speed (Second Submission) 






































                       
1  0.57  0.57  0.57  0.57  0.57  0.57  0.57 
2  1.03  1.03  1.03  1.03  1.03  1.03  1.03 
3  1.50  1.50  1.50  1.50  1.50  1.50  1.50 
4  2.02  2.02  2.02  2.02  2.02  2.02  2.02 
5  2.51  2.51  2.51  2.51  2.51  2.51  2.51 
6  3.01  3.01  3.01  3.01  3.01  3.01  3.01 
7  3.50  3.50  3.50  3.50  3.50  3.50  3.50 
8  4.00  4.00  4.00  4.00  4.00  4.00  4.00 
9  4.50  4.50  4.50  4.50  4.50  4.51  4.50 
10  5.01  5.01  5.01  5.01  5.01  5.01  5.01 
11  5.50  5.50  5.50  5.50  5.50  5.50  5.50 
12  6.00  6.00  6.00  6.00  6.00  6.00  6.00 
13  6.50  6.50  6.50  6.50  6.50  6.49  6.50 
14  6.99  6.99  6.99  6.99  6.99  6.99  6.99 
15  7.49  7.49  7.49  7.49  7.49  7.49  7.49 
16  7.99  7.99  7.99  7.99  7.99  7.99  7.99 
17  8.49  8.49  8.49  8.49  8.49  8.49  8.49 
18  8.99  8.99  8.99  8.99  8.99  8.99  8.99 
19  9.48  9.48  9.48  9.48  9.48  9.49  9.48 
20  9.99  9.99  9.99  9.99  9.99  9.99  9.99 
21  10.49  10.49  10.49  10.49  10.49  10.50  10.49 
22  10.99  10.99  10.99  10.99  10.99  10.99  10.99 
23  11.48  11.48  11.48  11.48  11.48  11.48  11.48 
24  11.99  11.99  11.99  11.99  11.99  11.99  11.99 
25  12.49  12.49  12.49  12.49  12.49  12.48  12.49 
26  12.99  12.99  12.99  12.99  12.99  12.99  12.99 
27  13.46  13.46  13.46  13.46  13.46  13.51  13.46 
28  13.95  13.95  13.95  13.95  13.95  13.97  13.95 
29  14.46  14.46  14.46  14.46  14.46  14.49  14.46 
30  14.97  14.97  14.97  14.97  14.97  15.00  14.97 
31  15.55  15.55  15.55  15.55  15.55  15.49  15.55 
32  15.98  15.98  15.98  15.98  15.98  15.93  15.98 
33  16.48     16.48  16.48  16.48     16.48 
34  16.98     16.98  16.98  16.98     16.98 
35  17.72     17.72  17.72  17.72     17.72 113 
 




































                       
1  -0.006  -0.007  -0.007  -0.007  -0.006  -0.006  -0.007 
2  -0.006  -0.007  -0.007  -0.007  -0.006  -0.007  -0.007 
3  -0.007  -0.007  -0.007  -0.007  -0.007  -0.007  -0.007 
4  -0.007  -0.007  -0.007  -0.007  -0.007  -0.007  -0.007 
5  -0.007  -0.007  -0.007  -0.007  -0.007  -0.007  -0.007 
6  -0.007  -0.007  -0.007  -0.007  -0.007  -0.007  -0.007 
7  -0.005  -0.005  -0.005  -0.005  -0.005  -0.005  -0.005 
8  0.004  0.004  0.004  0.004  0.004  0.005  0.004 
9  0.019  0.020  0.020  0.020  0.019  0.021  0.020 
10  0.035  0.037  0.037  0.037  0.035  0.037  0.037 
11  0.054  0.056  0.056  0.056  0.054  0.056  0.056 
12  0.074  0.076  0.076  0.076  0.074  0.076  0.076 
13  0.094  0.098  0.098  0.098  0.094  0.097  0.098 
14  0.114  0.119  0.118  0.118  0.114  0.118  0.119 
15  0.133  0.138  0.138  0.138  0.133  0.137  0.138 
16  0.151  0.157  0.157  0.157  0.151  0.155  0.157 
17  0.168  0.174  0.174  0.174  0.168  0.172  0.174 
18  0.184  0.191  0.190  0.190  0.184  0.187  0.191 
19  0.197  0.205  0.205  0.205  0.197  0.201  0.205 
20  0.210  0.218  0.218  0.218  0.210  0.213  0.218 
21  0.222  0.230  0.230  0.230  0.222  0.224  0.230 
22  0.231  0.239  0.239  0.239  0.231  0.233  0.239 
23  0.238  0.247  0.247  0.247  0.238  0.240  0.247 
24  0.243  0.252  0.252  0.252  0.243  0.243  0.252 
25  0.244  0.253  0.253  0.253  0.244  0.245  0.253 
26  0.245  0.255  0.254  0.254  0.245  0.244  0.255 
27  0.246  0.255  0.255  0.255  0.246  0.246  0.255 
28  0.245  0.255  0.255  0.255  0.245  0.246  0.255 
29  0.248  0.260  0.258  0.258  0.248  0.249  0.260 
30  0.250  0.260  0.259  0.259  0.250  0.251  0.260 
31  0.252  0.263  0.262  0.262  0.252  0.252  0.262 
32  0.253  0.264  0.263  0.263  0.253  0.254  0.263 
33  0.258     0.268  0.268  0.258     0.268 
34  0.259     0.270  0.270  0.259     0.270 
35  0.267     0.278  0.278  0.267     0.278 
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1     -26.56  -26.55  -45.38     -24.94  -9.31 
2     -4.41  -4.41  -4.96     -4.24  -1.54 
3     -1.46  -1.46  -1.54     -1.41  -0.51 
4     -0.60  -0.60  -0.62     -0.58  -0.21 
5     -0.31  -0.31  -0.32     -0.30  -0.11 
6     -0.18  -0.18  -0.18     -0.17  -0.06 
7     -0.08  -0.08  -0.09     -0.08  0.03 
8  0.05  0.05  0.05  0.04  0.05  0.06  0.02 
9  0.15  0.15  0.15  0.15  0.15  0.16  0.05 
10  0.20  0.21  0.21  0.21  0.20  0.21  0.07 
11  0.23  0.24  0.24  0.24  0.23  0.24  0.08 
12  0.24  0.25  0.25  0.25  0.24  0.25  0.09 
13  0.25  0.26  0.26  0.26  0.25  0.26  0.09 
14  0.24  0.25  0.25  0.25  0.24  0.25  0.09 
15  0.23  0.24  0.24  0.24  0.23  0.23  0.08 
16  0.21  0.22  0.22  0.22  0.21  0.22  0.08 
17  0.20  0.20  0.20  0.20  0.20  0.20  0.07 
18  0.18  0.19  0.19  0.19  0.18  0.18  0.07 
19  0.17  0.17  0.17  0.17  0.17  0.17  0.06 
20  0.15  0.16  0.16  0.16  0.15  0.15  0.06 
21  0.14  0.14  0.14  0.14  0.14  0.14  0.05 
22  0.12  0.13  0.13  0.13  0.12  0.13  0.05 
23  0.11  0.12  0.12  0.12  0.11  0.11  0.04 
24  0.10  0.11  0.11  0.11  0.10  0.10  0.04 
25  0.09  0.09  0.09  0.09  0.09  0.09  0.03 
26  0.08  0.08  0.08  0.08  0.08  0.08  0.03 
27  0.07  0.08  0.08  0.08  0.07  0.07  0.03 
28  0.07  0.07  0.07  0.07  0.07  0.07  0.02 
29  0.06  0.06  0.06  0.06  0.06  0.06  0.02 
30  0.05  0.06  0.06  0.06  0.05  0.05  0.02 
31  0.05  0.05  0.05  0.05  0.05  0.05  0.02 
32  0.04  0.05  0.05  0.05  0.04  0.05  0.02 
33  0.04     0.04  0.04  0.04     0.02 
34  0.04     0.04  0.04  0.04     0.01 
35  0.03     0.04  0.04  0.03     0.01 
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4  246  255  255  238  246  257  255 
5  480  498  497  463  480  494  497 
6  714  741  741  689  714  731  741 
7  928  962  963  895  928  944  963 
8  1114  1153  1156  1074  1114  1128  1156 
9  1270  1311  1318  1224  1270  1279  1318 
10  1394  1435  1447  1344  1394  1397  1447 
11  1487  1527  1543  1432  1487  1484  1544 116 
 
 